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Introduction
Charmless B decays occur through loop diagrams and are thus sensitive to possible new physics contributions in the loops. Two-and three-body charmless B decays proceed via CP -conserving penguin diagrams and CP -violating tree diagrams with b → u transitions, which give access to the γ CKM angle. The tree-penguin interference allows to look for direct CP violation in B 0 (s) → hh and B ± → hhh decays, where h and h stand for hadrons. The direct CP asymmetry of B decays to a final state f is defined as
With the LHCb experiment [1] currently running, and BaBar [2] and Belle [3] analysing their full datasets, we present several new and recent results of CP violation and branching fraction measurements of charmless B decays. The LHCb results are obtained from 1 fb −1 of data from pp collisions at a centre-of-mass energy of √ s = 7 TeV. Section 2 presents the LHCb measurements of CP violation in charmless two-body B 0 (s) decays. Section 3 details the results of studies of charmless three-body decays, including CP violation measurements of [4] . The data samples of two-body decays are selected using two different sets of criteria aimed at obtaining the best sensitivity to A CP for B 0 and B 0 s decays, respectively. The B 0 s measurement requires a stronger rejection of combinatorial backgrounds, due to the lower probability for a b quark to form a B 0 s meson. After the kinematic and trigger selections, the two data samples are subdivided into different final states, using particle identification (PID) information [5] . The PID selection criteria applied to B 0 s candidates are tighter than those for the B 0 sample. In order to determine the background contributions with one or more misidentified final-state particles (crossfeed backgrounds), the PID efficiencies and misidentification rates are determined from large samples of calibration data, containing The signal yields and raw asymmetries are obtained form unbinned extended maximum likelihood fits to the invariant mass spectra of the selected candidates, shown in Fig. 1 . The raw asymmetries are corrected for detection asymmetry effects due to detector reconstruction, acceptance and final-state particle interaction with matter, and for the B 0 (s) − B 0 (s) production asymmetry. The CP asymmetry is calculated as
where the correction A ∆ is the sum of the detection asymmetry A D (Kπ) and the production asymmetry A P (B 0 (s) ):
with ζ d = 1, ζ s = −1 and κ d(s) are dilution factors due to mixing. The detection asymmetries are determined from data using 
4-body → B Figure 2 : Invariant mass spectra of (a) 
The systematic uncertainties account for the PID calibration, the signal and background fit models, and the detection charge asymmetries. The significances of the results, calculated by dividing the central values by the sum in quadrature of the statistical and systematic uncertainties, are 10.5σ and 6.5σ, respectively. The former is the most precise measurement of A CP (B 0 → K + π − ), and the latter represents the first observation of direct CP violation in the B 0 s system.
3 Charmless three-body B decays
Decays of the type
offer the possibility to study CP violation patterns in the Dalitz plane in addition to the global asymmetries. CP violation can appear through the penguin-tree interference, through intermediate resonant states or through final-state hadron rescattering [6, 7, 8, 9] between two or more channels with the same flavour quantum numbers, such as
The latter effect, also called "compound CP violation" [10] , is constrained by CP T invariance so that the sum of all partial decay widths of a particle, to channels with the same final-state quantum numbers, must match those of its antiparticle. The joint study of 
The inset plots show the projections of the number of backgroundsubtracted events in bins of (a) the m
The LHCb collaboration presented for the first time a measurement of the direct
− decays with unprecedented precision [11] . The data sample is defined by a common kinematic selection of B ± decays to three charged mesons, followed by a PID selection to distinguish different final states. The raw asymmetries are obtained from fits to the invariant mass spectra, shown in Fig. 2 , and are corrected for the variation of the acceptance efficiency in phase space. The inclusive CP asymmetries are then determined using Eq. (2), where the correction term A ∆ is found from a data control sample of B ± → J/ψ K ± decays. The inclusive CP asymmetries are calculated separately according to different trigger selections and then averaged to obtain
where the systematic uncertainties account for the signal and background fit models, trigger asymmetry and acceptance correction, and the last uncertainty is due to the CP asymmetry of the B ± → J/ψ K ± control channel [12] . The significances of the inclusive charge asymmetries are 2.8σ and 3.7σ, respectively. The latter represents the first evidence for an inclusive charge asymmetry in charmless three-body B decays.
The asymmetry distributions across the Dalitz planes of these two modes are also investigated. The background-subtracted Dalitz plots of the signal region are divided into bins with equal numbers of events, and an asymmetry variable is calculated between the number of negative and positive candidates in each bin, as shown in Fig. 3 . The insets show the regions where large local asymmetries are concentrated. These appear to be positive for 
The opposite-sign asymmetries between
A follow-up study of the amplitude analysis of
was performed by BaBar to compare the CP asymmetry distributions with the preliminary results obtained by LHCb [14] . The study [15] investigates the dependence of the CP asymmetry on the two-body K + K − invariant masses, shown in Fig. 4 . The BaBar distributions show CP asymmetries obtained with the s Plot technique, while the LHCb distributions show raw asymmetries from fits to the invariant mass spectra in bins of two-body masses, not corrected for detection and production asymmetries. 
Although the uncertainties on BaBar data are larger than those of LHCb, the patterns of the asymmetries agree well. For m 2 K + K − low the asymmetries follow the same shape but seem to have a relative shift, which was observed to be flat across the spectrum and with an average value of ∆(BaBar−LHCb) = 0.045±0.021. A similar positive and uniform shift of 0.053 ± 0.021 was measured from the m 2 K + K − high distributions. These shifts are consistent with zero within 2 standard deviations, and are also consistent with the difference between the inclusive CP asymmetries obtained by BaBar and LHCb.
CP violation in
± modes are another set of channels with the same flavour quantum numbers, similar to B ± → K ± π + π − and B ± → K ± K + K − , thus motivating a joint study. A preliminary measurement by LHCb [16] presents the inclusive CP asymmetries and their distributions in the Dalitz plots. The inclusive charge asymmetries are obtained analogously to the method described in Section 3.1 to be
with significances of 4.2σ and 3.0σ, respectively. Both results represent the first evidences of inclusive charge asymmetries in these modes. The asymmetry distributions of the numbers of events (containing signal and background) in bins of the Dalitz plots of the signal regions are shown in Fig. 5 . For the B ± → K + K − π ± decay mode, a concentration of events, associated with negative asymmetries, is seen at low K + K − invariant masses, and was also studied in the event projections of the two-body invariant mass variables. This structure was already 
The pattern of negative asymmetries at low K + K − masses and positive ones at low π + π − masses, not obviously related to resonances, repeats the one seen in
These apparent correlations between the pairs of channels could be caused by the CP T constraint, and further studies need to take this possibility into account.
Evidence for the decay
is presented. The data sample is selected using a neural network, and the signal yield is determined from an unbinned extended maximum likelihood fit to the two-dimensional distributions of the energy difference, ∆E = Σ i E i −E beam , and a variable C N B related to the neural network output. The results of the fit are shown in Fig. 6 .
From a signal yield of 299 ± 83 events, the branching fraction of the decay is obtained to be
The dominant systematic uncertainties come from the π 0 detection efficiency and the efficiency variation over the Dalitz plane. The significance of the measurement, determined using a convolution of the statistical likelihood with a Gaussian function of width equal to the systematic errors, is 3.5σ, and constitutes the first evidence for the decay.
The K + K − and K + π 0 invariant mass distributions of the signal yields are studied to investigate the resonant structure of the decay. The distributions are obtained from fits in bins of the invariant masses. An excess of events is observed around 1.4 GeV in the K + π 0 invariant mass, but its interpretation would require higher statistics. The K + K − invariant mass distribution does not allow a definitive statement about a possible structure similar to the one seen in 
Branching fraction measurements of B
± → ppK ± decays
The B ± → ppK ± decay mode allows the study of cc states and charmonium-like mesons that decay to pp. The branching fractions of the decay B ± → ppK ± for different intermediate states have been measured by LHCb [19] . The event selection is based on a boosted decision tree algorithm. The signal yields of the different resonant components are obtained from fits to the pp invariant mass distributions within a B mass signal window. The fit results are shown in Figs. 7 and 8 .
The branching fractions of the contributions shown in the figures are obtained relative to the one of the J/ψ intemediate state,
The results are compatible with world average values. An upper limit on the relative branching fraction of B ± into the X(3872) state is also obtained. 
using a geometrical-likelihood multivariate analysis. The signal yield is obtained from an unbinned extended maximum likelihood fit to the invariant mass spectrum, shown in Fig. 9 , resulting in 30 ± 6 events. The statistical significance of the yield is calculated from a likelihood ratio test. With a significance of 6.1σ, this measurement represents the first observation of the B 
Conclusions
Several recent results from studies of charmless B decays were reported. Branching fraction measurements include the first observation of B 
